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FURIFICATION OF MONOMERIC INTERFERON 

This invention relates to a new method for the 
isolation of fully oxidized homogeneous monomeric human 
leukocyte interferon. More particularly, this invention 
relates to a method of isolating the fully oxidized form of 
alpha interferon through a series of purification steps 
including immunoaf finity chromatography, reverse phase 
chromatography, cation exchange chromatography and gel 
filtration chromatography. 

BACKGROTTTJn OF THE INVENTTOM 
The alpha-2 subspecies of human leukocyte 
interferon (IFN-,alpha-2) is a 165 amino acid polypeptide 
chain with a secondary structure characterized by two 
intramolecular disulfide bridges (CYsi-CYS 98 and cys 29 - 
CYS ) [ G . Bodo and I. Fogy, "Characterization of Different 
Molecular Species in Affinity Purified Recombinant Human 
interferon Alpha 2», The Interferon Systein, pp. 23-27 (1985); 
R. Wetzel, et al., "Properties of a Human Alpha-Interf eron 
Purified From E.coli Extracts", J, mterf.r. Res . r i, pp . 
381-90 (1981) ] . However, in the affinity purified 
polypeptide, Bodo and Fogy also found species of IFN-alpha-2 
in which the disulfide bonds were mispaired, or in which the 
critical cystines were partially or completely reduced. 
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certain or these forms may have a lower specific activity 
. CSee H. Moorebead et al., . Rol es or the 29 -l 38 Disulflda Bond 
of Subtyp. A or Human « Interferon in xts Antiviral Activity 
ana conditional Stability", Slsshsaiaj ^ r a# pp . 2S£)0 . 07 
(19S4) J. Alternatively, they may present a conformation 
which is different fro- the native molecule'; so that an 
adverse reaction could be elicited upon administration. 
Partially or completely reduced forms are less stable and can 
result in further scrambled molecules. 

The literature distinguishes slow-moving monomers . 
(S««, bavin, at least one free sulfhydryl group (partially or 
.fully reduced form, . and a fast-moving monomer (FMM, with two 
disulfide bonds (fully oxidised form, . The free sulfhydryl 
groups of SMM could give rise to oligomers through the 
formation of intermolecular disulfide bonds. These oligomers 
have a lower specific activity, and may cause adverse 
reactions in humans C See s. PestXa and s/ J. TamowsW, . 
"Purification Of The Interferons", ^ 

2*9-319 a,..,,. for oligOBers of interfsron gre 

toown CS. Pesttca et al. , "Specific Xmmunoassay for Protein 
Dlmers, TrimerS,_ and Higher Oligomers," ^ sio^, 

PP. 328-33 (1983) ; s Bastv, ^ , ' 

- pestk a. et al., "Procedures For 

Measurement Of Interferon Dimers And Higher oligomers By 
Radioimmunoassay", Me£hj_ EBSXasi*., US., pp. 588-93 (1986,,. 
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considering all possible combinations of disulfide bonds and 
free sulfhydryl groups, theoretically ten monomeric forms of 
IFN-alpha-2 exist. 

Upon extensive purification of the protein, 
.D. R. Thatcher and N. Panayotatos isolated recombinant IFN- 
alpha-2, which they characterized as comprising a major 
component having a pi of 5.9 accompanied by three lesser 
anodic bands ["Purification of Recombinant Human IFN-oC", 

Msi^ snassoiom, ^ pp . l66 _ 77 (l986)] . According to 

Thatcher and Panayotatos, the purification of correctly 
folded, fully oxidized monomer is not simple, because these * 
"conformational variants" have properties which are very 
similar to those of the native molecule. Further, their work 
suggests that conformational variants may arise from the fact 
that the intracellular environment of host microorganisms has 
a net reducing redox potential, which favors the production 
of the reduced form of the monomer. Their observed 
conformational variants may arise from the reduced monomer. 

In view of the clinical importance of pure fully 
oxidized form of IFN-alpha-2, attempts have been made to 
isolate FMM from other forms of the protein. Many procedures 
for the purification of IFN have been described in the 
literature. European patent application 108,585 refers to 
the removal of both oligomers and slow monomers from an 
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interferon preparation by incubation at acid p H and elevated 
temperatures for a prolonged period. A. M. Felix et al., 
"Analysis Of Different Forms Of Recombinant Human Leukocyte 
interferons by High Performance Liquid Chromatography" , 

Mst&ods m msmsl o 3 ^ t na, pp . 242 . 48 (1986) reported ^ 

separation of SMM from FMM by a modification of the metal 
chelate chromatographic method of J . Porath et al. foetal 
Chelate Affinity Chromatography, A New Approach to Protein 
Fractionation," Naturg (London), 258/ pp. 598-99 (1975)]. 
United States patent 4,432,895 refers to the conversion of 
oligomeric interferon into monomeric interferon by treatment 
with a redox reagent. Howeveri none has documented a method 
for separating fully oxidized fast moving monomers. 
Due to the difficulties in isolating homogeneous FMM in its 
native conformation in high quantities, the need for a method 
for its production still exists. 
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.SUMMARY OP THE INVENTTOM 
The present invention solves the problems referred 
to above by providing a means of isolating FMM in an 
essentially pure native form. More specifically, it provides 
a method for separating FMM from non-interferon proteins, 
oligomeric interferon, and smm. Furthermore, our method 
provides for the separation of different FMM forms (i.e. FMM, 
and FMM 2 ) from one another. 

According to this method, FMM is separated from 
other interferon (IFN) forms and non-interferon contaminates . 
through various purification steps. m particular, the 
method involves immunoaff inity chromatography followed by 
reverse phase HPLC. The two forms of FMM, FMM, and FMM 2 , 
cannot be separated from one another by SDS-PAGE, because 
they are identical in size. However, we separate them 

on the basis of hydrophobicity and charge,, using reverse 

Phase HPLC and cation exchange chromatography, respectively. 

According to this method, the FMM 2 can then be purified to 

homogeneity by gel filtration. 
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DESCRIPTTON" OF THE DRAWTNfiS 

Figure 1 outlines the purification process for producing 
the fully oxidized form (fast moving monomer) of recombinant 
alpha-2 interferon (FMM 2 ) . 

Figure 2 depicts a typical preparative RP-HPLC elution 
profile of the eluate from immunoaf f inity chromatography (A) ; 
the cation exchange chromatography elution profile of the 
FMM fraction from RP-HPLC ( B) ; a second cation exchange 
chromatography elution profile of the FMM fraction from RP- 
HPLC (C) ; and the Sephadex G-50 gel filtration elution . 
profile of FMM 2 from cation exchange chromatography ( D )". 

Figure 3 depicts the improved RP-HPLC separation between FMM 1 
and FMM 2 resulting from increasing the column operating 
temperature from 25°c to 40°c. 

Figure 4 presents the RP-HPLC analysis of the recombinant "- 
IFN-alpha-2 FMM 2 purification intermediates. 

Figure 5 presents a RP-HPLC comparison of recombinant 
IFN-alpha-2 FMM-l anal FMM 2 with Intron R a. 



WO 89/03225 ^ ^ PCT/US88/03409 

-7- 



Figure « plants a RP-hplc comparison of recombinant ifk- 
alpha-2 fmm 2 with Intron* A and Roferon* A. 

Figure 7 depicts the tryptic mapping o£ and p^. 

BBIAaSB BSPCBIPTTPH fi£ 3HE INVKMTTffl , 
- The present method takes advantage of both 
hydrophobic and charge differences between the FMM's 
*= that individual isomers can be completely separated to 
produce pure and stable fuliy oxidized monomers. The 
antibody column eluant containing recombinant lrN-alpha- 2 
Cthe product of the first step i„ the purification process, 
also contains sieving amonB ^ ^ 

and higher oligomers as well as non ifn proteins. This 
protein mixture is bound to a reverse phase column (The 
separations Group, Hesperia, CA, principally through 
hydrophobic interactions, and the proteins are 

chromatographed by multiple isocratic rl. = , , 

"i-recic (i.e., single solvent 

concentration, elution steps. The fraction containing the 
™» * - then bound.to a cation exchange column. The cation- 
exchange step allows for the separation of protein molecules 
based on the difference of their net positive charge at a 
specified p„. B y using an isocratic buffered salt elution 
«- ™ isomers are isolated. Based on the order of their ' 
eiution from the cation exchange column, these isomers were 
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named, ^ and ^ A size exclusion col>mn ^ ^ ^ ^ 
final step to effect a buffer exchange and to separate out 
any residua! oligomers from the monomer. The 
final purified ^ is characterized as . slngle ^ 
sodium dodecyl sulfate polyacrylamide gel electrophosesis 
CSDS-PAGE) , isoelectric focusing gel electrophoresis (I EF) 
and analytical reverse phase high performance liquid 
chromatography (RP-HPLO) . 

The present methods may be applied to recombinant 
alpha- 2 interferon, as well as to natural alpha- 2 interferon 
obtained from XeWcooytes, or to alpha- 2 interferon prepared 
by organic synthesis. They may also be appropriate for 
obtaining monomeric forms of other alpha interferons. 

in purifying either naturally derived or geneti- 
cally engineered (i.e. recombinant) proteins, there is a 
Possibility of post-translational modification of the native 
Protein in addition to possible modification as a consequence 
of the purification process. These modifications may ta*e 
the form of amino acid side chain chemical reactions, for 
example resulting in conversion of methionine to methionine 
sulfoxide or deamination of amino acid residues such as 
aspargine and glutamine. Also, the removal of end terminal 



WO 89/03225 



PCT/US88/03409 



-9- 



(carboxy or amino) residues by exopeptidases are potential 
mechanisms for modification of the native protein. 

The purification process herein permits, at least 
in the case of IFN-alpha, the recovery of the biologically 
active pure monomer in its native or natural state. 
Increased purity enhances stability, may decrease the 
risk of adverse reactions to contaminants, and elevates the 
specific activity of the resultant product. 

The FMM purified according to the methods of this 
invention may be formulated using known procedures to prepare 
pharmaceutically useful compositions. such compositions also 
will preferably include conventional pharmaceutically 
acceptable carriers and may include adjuvants, excipients or 
other medicinal agents. The resulting formulation will 
contain an amount of FMM to be effective "in the intravenous, 
parenteral or topical treatment with IFN-alpha. 



The FMM 2 of the present invention may be treated 
selectively with proteolytic enzymes or chemical reagents 
to obtain active ffagments thereof. it may also be 
covalently or otherwise linked to polypeptides or other 
substances to create larger proteins or protein conjugates. 
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The w. purified according to the Methods of this 
mention may be used in a variety of forms. The preferred 
form depends on the intended mode of administration and 
therapeutic application, see, for example. United states 

Patent 4,680,175 (topical administration vehicle,. The 
dosage and dose rate win depend on a variety of factors 
specific to the disease to be treated. 

.in order that this invention may be better 
understood, the following examples are set forth. These 
examples are for the purpose of illustration only and are not 
to be construed as limiting the scope of the invention. 
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EXAMPIiE I 

In this example we describe a process for the 
recovery of recombinant leukocyte (alpha) IFN FMM 2 from yeast 
cell lysate which is essentially free of yeast proteins, 
interferon fragments and aberrant forms of the interferon 
molecule. 

Expression of Recombinant 
Alnha-3 Interferon 

Recombinant DNA techniques were used to clone and 
express the IFN gene in yeast f Saee h a m fflY n ae cerpv^^^ 
using expression vector CGS 281 obtained from Collaborative 
Research, Inc. (Lexington, Massachusetts) which is deposited 
with the American Type Culture Collection in Rockville, 
Maryland (ATCC No. 20663). 

The feedstock to the immunoaf finity column was a 
cell-free clarified lysate obtained from ; k f ermentate 
including yeast proteins. We obtained the clarified lysate 
through a multi-step procedure involving homogenization and a 
combination of centrifugation and tangential microfiltration. 
This produced a clear lysate which was then loaded onto an 
anti-IFN-alpha 2 monoclonal antibody-sepharose column. The 
subsequent eluate contains the IFN monomers and oligomers but 
only a small amount of non-lFN protein contaminants (e.g., 
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nonspecifically a<Jsorbea yeast proteins) _ The purifioat . on 
procedure is set forth more specifically below. 

awwnoiifflnltY ehro mnt -^ 1r !lY 

We coliected and broke open the genetically 
engineered yeast cells to release the recombinant IFN-alpha-2 
and removed the unbroken cells and cellular debris using 
centrifugation and tangential microf titration. We loaded the 
resultant clarified lysate onto an immunoaf finity matrix 
comprising an anti-IPH-alpha-2 monoclonal antibody ("liti-) 
bound to sepharose. We obtained monoclonal antibody 

from interferon Sciences, Inc. but other anti-alpha 2 
interferon antibodies could be substituted [See, 
«.g., Onited States patent 4,423,147, European patent 
application 91,543; Great Britain patent 2,m,S27]. „ e 
passed the lysate over our immunoaf finity matrix (hereinafter 
"UT1/S") column to bind the recombinant Walpha to the 
Matrix and eliminate the majority of other lysate components 
and proteins, we washed the column with a phosphate buffered 
solution (pH 7.4) containing l.SH HaCl-and 50% (v/v, ethylene 
glycol. A second phosphate buffered solution (pH 7.4) 
containing 0.15M Nacl was used until the O.D. 280 tracing of 
the effluent approached zero. After the LIT1/S matrix „ as 
washed thoroughly, the bound IFN was removed by elution 
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with an acidic buffer consisting of eitrio ^ ^ ^ 

containing o. 3M Na ci. ^ acetic acld or glyc . ne buffer wouid 
be as effective an eluant. 

The immunoaffinity chromatography step could be 
eliminated from the overall purification process if changes 
were made in th. initial processing of the crude lysate. F or 
example, the crude lysate could be batch adsorbed onto an 
appropriate reverse phase or ion exchange media. Partially 
purified »H could then be removed in either a batch or 
column mode and the XTU further purified as Indicatd below. 

Reverse EbsSS Chroma l-n^p hy , RPC , 

we then used rpo to separate the IFW FM«s from 
SMMs, aimers and higher oligomers and non-XFH-contaminating ' 
proteins. „ e conducted our reverse phase high performance 
liquid chromatography (RP-HPLC, on a Waters Binary HPLC 
system equipped with an automated gradient controller, two 
8*1* pumps, ^ spectrophotometer, and a recorder/integrator 
The c-4 column (22 mm by 25 omm, loum particle size; 30oS pore 
size, was equilibrated in 0.1 (%v/v , trifluoroacetic acid 
(TFA) in water (HPLC grade, . The 1PN was bound to the 
reverse phase column by loading the Ll T1/s eluata directly 
through pump A. The bound proteins were eluted from the c-4 



WO 89/03225 W W PCT/US88/03409 



-14- 



column at a flow rate of 18 „ 1/nin according to ^ foll 
programmed gradient: 



^ %B 

— Curve 

10 J 

11 4 ° 

41 4fi linear 

45 X JJ * 

|J 10 o 

linear 



w^re solution B consists or 0.1% TFA <v/v, in acetonitrile 
(CH 3 CK, . The bound proteins that were subsequently eluted 
fro* the c-4 column were collected as individual fractions 

and the ad 3 ace»t peaks corresponding to PHM, ^ ^ ware 

pooled for further purification. 

Referring now to Figure 2A , the fractions between 
15.5 »in. and is.o rain, contain the FHM-s. These fractions 
represent a relative area percent o, about 2S% of the total 
protein load. For this particular column and operating 
conditions, FM^ and rm 2 were eluted at about 46*B. The 
ratio of FHM, and FM^ was about 50:50 based on relative area 
peroents, but this ratio can vary to 1 0:90 m^,^. The 
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peak luting at 14.55 min. contains „on interferon proteins 
of yeast origin. 

Optionally, hydrophobic interaction chromatography 
(HIC, could replace kfc, thereby obviating the. use of organic 
solvents. Also, in scaling up the reverse phase step, a 
larger particle size column packing material could be used 
This would permit the use of lower pressure chromatography 
thereby obviating the need for expensive HPLC equipment and 
allowing for a more maintenance-free operation and greater 
ease in automating the overall system. 

Further modification of the rp-hplc step might 
include: use of gradient and/or isocratic solution; an 
increase or decrease fa, flow rates; organic modifiers other 
than acetonitrile such as n-propanol, 2-propanol, methanol, 
ethanol, dioxane and other substances used as eluting 
solvents, ion pairing agents ether than TFA such as sodium 
dodeoylsulfate, phosphoric or perchloric acids, or 
perchlorate salts; an increased (i.e. greater than 0.1%, 
v/v), or decreased amount of the ion pairing agent; use of 
a stationary phase with other immobilized hydrophobic groups, 
such as c 3 , c s , c 8 , o 18 or phenyl; and operation at 

temperatures ranging from 0°c to 56°c. a ch amo i„ . 

u ^* A cnange xn any one 
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or more of the above parameters should aim toward optimizing 
the resolution between FMM 2 and other components. 

We have examined the effect of varying particle 
size in our c-4 packings and found that the loss of 
resolution between the monomer-species increased with 
increasing particle size using the elution conditions 
described above, but that the separation of monomer from 
other recombinant alpha-2 forms could still be accomplished 
while particle sizes were varied from 5 - 30 microns. 

' FMM! and FMM 2 may be separated by reverse phase 
techniques based on the hydrophobic differences between the 
two species, for example, by changing the column temperature. 
Figure 3 compares two chromatograms generated by controlling 
the column temperature at 25°C (Panel A) and 40°c (Panel B ) . 
The resolution between no, and FM^ a t 4 0 o C is far superior 
(peak separation about 3 minutes) to the resolution achieved 
at 2S°C (peak separation about 1 minute) . 

We tested a S-200 gel filtration step at this stage 
but decided to use the C-4 column instead for several 
reasons: (1) large S-200 columns would be needed; ( 2 ) the 
sample would have to be concentrated prior to loading on the 
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S-200 column; (3) the sample would be diluted during gel 
filtration; (4 > the s-200 column has a limited capacity; (5 , 
the S-200 chromatogram develops slowly (over a 24 hour 
period); and (6) resolution of oligomers, monomers and 
fragments by the s-200 column would be diminished in 
comparison with the separation which can be achieved with 
reverse phase chromatography. 

Cation Exchange Chromahngraphy 

Using cation exchange chromatography we separated 
the WHi and FMM 2 monomers based on the differences of their 
net positive charge at pH 5.2. 

We equilibrated the cation exchange column wltn 
O.OSM =»onl m acetate, pH 5.2, after exchanging the sodium 
counterion of the CM-Sepharose CWB gel with ammonium. 
Although the acetonitrile and trifluoracetic acid from the 
RPC may be removed by dialysis, phase separation or 
lyophilization, we prefer to dilute the organic fraction 
containing the The fraction was diluted approximately 

8-fold with O.OSM ammonium acetate, pH 5.2 and loaded 
directly onto the equilibrated CK-Sepharose CI.-6B column 
(3.54cm X 14cm) at a linear velocity o, 25 cm/hr. The column 
was then washed with approximately two column volumes of 
O.OSM ammonium acetate, pH 5.2 and then eluted with 0.15M 
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ammonium acetate, p H at a linear velocltv Qf g ^ n/hr 
Alter we collected fractions of the resolved and ««, 

monomer peaks, we eluted o£ f strongly bound oligomers using 
1.0M ammonium acetate, pH 6.0 at a linear velocity of 25 
cm/hr. Although a salt gradient elution, such as 0.2H to 
0.3M ammonium acetate (pH S.O) is acceptable, we prefer to 
use this isccratic salt elution, particularly for large scale 
production. 

Referring now to Figure 2B, the pmk 1 pea * elutes 
between 4 and S column volumes, while the peak elutes 

between about 5. s and 7 column volumes. 

The cation exchange chromatography step could be 
further modified by decreasing or increasing the linear 
velocity; altering the eluant pH and/or ionic strength; using 
a buffer and counter ion other than ammonium acetate such as 
sodium succinate or sodium acetate; altering the column 
geometry; operating at higher temperatures (up to 5S ° C) ; 
using gradient or isocratic elution; using an ion exchange 
-atrix with a different ligand or lig and density, such as cm- 
Sepharose Fast Flow, SP-Sephadex, CM-Sephadex, CK-Trisacryl M 
or SP-rrisacryl M; or using a mechanically stronger support 
matrix ^ tha soft gel Sepharosef ^ ^ ^ ^ 

CM-Silica. Any changes in the protocol presented in the 
example should, of course, be introduced to increase the 
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resolution between FMM 2 and the other components, principally 
FMM^. 

figi Filtrating Chromatography 

Next we concentrated the FMM 2 peak from the CM- 
Sepharose column by ultrafiltration to a protein 
concentration of approximately 2 mg/ml. This was loaded onto 
a 2.5 cm x 80 cm gel filtration column (Sephadex G-50 
Superfine) which had been equilibrated with 0.05M succinate 
buffer, P H 5.0. we then eluted at a linear velocity of 3 
cm/hr using succinate buffer because it is an accepted 
excipient for parenteral drugs. Referring to Figure 2D, the 
two resolved peaks which emerged from the column represent 
dimers and FMM 2/ respectively. The fmm 2 peak was collected 
and filtered through a 0.22 urn pore non-binding filter to 
yield a purified drug concentrate with a protein 
concentration of about 0.5-1.0 mg/ml in 0.05 succinate 
buffer, P H 5.0. we observed that the FMM 2 of the gel 
filtration eluate appeared homogeneous on a silver stained 
SDS-PAGE gel. 
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Any gel filtration column which will fractionate in 
the appropriate molecular weight range, such as Sephacryl s- 
200 superfine, Superose-12, Fractogel so s, tfltragel ACA 54 
and TSK— 250 gel fixation matrices, could be used in this 
step, m addition, ultrafiltration could replace the gel 
filtration step to increase the speed of the operation. 
However, because it is unlikely that ultrafiltration would 
remove any residual dimer, gel filtration is preferred. 
Finally, for each step, the tine of operation may be 
decreased by increasing the flow rate. 

Table I summarizes the recovery 'and yield per 
purification step for recombinant I^-alpha-2 «*, protein 
beginning with the antibody column elution. The overall 
Percent recovery of mass is 5.8%. xhe recovery with respect 
to the ^ content in the monoclonal antibody column eluate 



is 48.6%. 
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TABLE I 



Step 



Immunoaffinity 
chromatography 

Reverse phase 
chromatography 

Cation exchange 
chromatography 

Concentration 

Gel filtration 
chromatography 



+Total 
Protein 
(mg) 

266 



65 

20.2 
17.9 

15.5 



^Recovery 
(Total) 



100 

24.4 

7.6 
6.7 

5.8 



%Recovery 
(Step) 

100 



24.4 

31.1 
88.2 

86.6 



+ Estimated by optical density at 280 nm 



Next, we performed a cytopathic effect assay (CPE) 
to determine the specific activity of our purified FMM 2 , 
using the method of S. Rubenstein, et al. ! ^Convenient Assay 
For interferons ,» Jms^ ^ mzO°gx, 12 pp. 755-58 (isai) 3 . 
First we incubated cells known to be sensitive to interferon 
with a serial dilution of the sample whose titer was to be 
determined. A challenge virus was added to each dilution. 
After incubating again, we observed the level of dilution 
which achieves a 50% reduction in viral cytopathic effect on 
the cells. Concentrations in terms of standard units were 
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determined by simultaneously performing the assay on 
international standards, such as those established by the 
National Institutes of Health, Bethesda, Maryland. 

We observed that the specific activity of nm 2 was 
about 2.3 * 10 « units/-, protein compared to about l.o x 10 » 
u/mg protein for unfractioned recombinant alpha purified 
si-Ply by immunoaffinity (i.e. Ll T i /s) chromatography. 

In this example, the lysate "clarification- 
procedure was simplified, only low speed centrifugation was 
«eed, as a result, the immunoaf finity column feedstock was a 
eloudy lysate. Be used a fluidized bed reactor for the 
i-unoaffinity chromatography in order to process the 
resultant lysate. Me included a three part isocratic 
elution program for the arc step because W resulting x. 1T1/s 
eluate contained substantial amounts (up to 35%, of non IP* 
protein contaminants, such as yeast proteins. The first step 
essentially removes the contaminating yeast proteins, the 
second elutes the IPN ^ £or farther purif ication fay 

exchange chromatography; and the i-h;^ 

* f yr ana tne third removes the bulk of 

the IFN SMMs, oligomers and fragments. 
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After processing over the LITl/s fluidized bed we 
recovered about 600 mg recombinant IFN-alpha-2 in the elution 
fraction representing about 50% of the recombinant iFN-alpha- 
2 in the crude l ysat e. The LITl/s eluate (7.2 liters, was 
filtered over a 0.45 micron membrane and loaded onto a 
preparative Vydac C-4 ( 22 mm x 250 mm, reverse phase column 
xn eight portions. Each load was eluted with a multi-step 
isocratic gradient of acetonitrile as shown below: 
Sim^lMij^L %B curve 

0 o 

10 o ; 

11 43 

20 linear 

21 46 * 

36 46 linear 

45 iSo 1A 5 aar 

The FMM fraction representing the elution from 
about 24.5 to 26.0 minutes from each run.was pooled. 
We recovered 105 mg of FMM from the LITl/s column eluate 
representing 92% of the theoretical yield of lis mg, as ' 
determined by analytical RP-HPLC. 

The FMM fraction was diluted to 6% (v/v, 
acetonitrile with 0.05M ammonium acetate, pH 5.2 and loaded 
onto a 200 ml (4.4 x 14 cm, cation exchange column (CM- 
Sepharose CL-6B, . The column was eluted isocratically with 
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0.14 M ammonium acetate, pH 5.2. Our results are depicted in 
Figure 2C. The slight decrease in the molarity of the 
ammonium acetate buffer (0.15M to 0.14M) improved the 
resolution between PM^ and FMM 2 over previous separations 
(see Example I) . We combined fractions representing the FMM 2 
peak and concentrated them to about 5 mg protein/ml using 
ultrafiltration. The concentrated FMM 2 was loaded onto a 
Sephadex G-50 Superfine gel filtration column to 
remove trace oligomers and exchange ammonium acetate for 
0.05M succinate buffer (p H 5.0). The protein concentration ' 
of the FMM2 eluate from the gel filtration column was about 1 
mg/ml and had a specific activity of about 2.2 x 10* units/mg 
protein. Table II summarizes the recovery and yield per 
purification step for FMM 2 . The overall recovery -based on 
protein mass was 7.3% from the total protein and about 50% 
relative to the total FMM 2 contained in the LIT l/s column 



eluate. 
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TABLE II 



Step 



+Total tRecovery %Recovery Sp.Act. 
(mlt ln (Total > (Step) (xl<rVmg) 



Reverse phase 

chromatography 105 14. 4 17.5 168 
Cation exchange 

.chromatography 49.4 8.2 47.0 149 
Gel filtration 

chromatography 43.5 7.3 sa.i 210 



+ Estimated by optical density at 280 nra 



Figure 4 depicts a comparison of analytical RP-hplc 
profiles for each intermediate of the purification process 
and confirms the homogeneity of the FMM 2 final purified 
drug concentrate. 
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EXAMPLE'IH 

CharaetP rizati nn of 
FMM;^ and FMM 2 

We prepared samples of FMM 2 for characterization as 
described above. To prepare the FMM lf we further purified 
our samples by rechromatographing the cation exchange FM^ 
fraction on RP-HPLC and collecting the pea* corresponding to 
FMMi to remove any residual FMM 2 or SMM. m side-by-side 
analysis, the specific activity of FM^ was found to be about 
the same as that for FMM 2 (about 200 x 10* u/mg) . 

A. Isoeleefrin Focus it^ G el 
Eleetr ophorftgi e f IEF1 

We analyzed samples using a modification of the 
technique described by A. Winter C "Analytical Electro- 
focusing in Thin Layers of Polyacrylamide Gels" LK B 
Application Note 250 (1977) j . samples were diaf iltered 

against 5 mM Tris— hct. nu on* a 

mzi xns hcl, p h 8.0, and concentrated in an Amicon 

Centricon™ unit equipped with a lo /0 00 MWCO membrane. 
Electrofocusing was performed with LKB (Bromma, Sweden) 
analytical electrofocusing equipment using horizontal 
precasted LKB Ampholine* pag plates ( P H 3.5 to 9.5) . Prior 
to the application of about 10 ul of each sample (approxi- 
mately 5-10 ug protein, the gel was prefocused for 0.5 hours 
at 50 watts of constant power. The electrophoresis was 
Performed for 1-2 hours with cooling or until constant 
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current was achieved. We obtained the isoelectric point 
markers from Pharmacia Fine Chemical, inc. (Piscatavay, N J) . 
The gel was fixed overnight at room temperature in a 30% 
methanol, 3.5% sulfosalicylic acid, 11.5% trichloracetic acid 
solution. The gel was then stained at 60 o C for 10 min. using 
0.1% (w/v) Coomassie brilliant blue R-250 in 8% acetic acid 
in 25% methanol. Finally, the gel. was destained to a clear 

background by diffusion in a solution of 8% acetic acid in 

25% methanol. 

The results of .our I EF gel electrophoresis revealed 
that FMMi had a pi of about 5.85, while that of fmm 2 was 
about 6.06. 

We do not believe that the difference in 
isoelectric points between FM^ and FMM 2 is attributable to 
methionine sulfoxide residues, because the peptide maps 
of the cyanogen bromide digests from the two monomers were 
indistinguishable . 

B. Sodium Dodecyl Sulfate Polyacrylamide 

We analyzed our samples in 5 mM Tris-HCL, pH 8.3 
according to the method of u. K. Laemmli ["Cleavage of 
Structural Proteins During the Assembly of the Head of 
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Bacteriophage T4,» Mafias (London,, 2aZ, PP. 680-85 (1970,]. 
We mixed a volume of the concentrate, comprising s to 10 ug 
Protein, with a volume of sample buffer, to yield a final 
concentration of 0.1% sds („ /v) io% glycerol (v/v, in lo mm 
Tris-HCL, pH 6.8. The samples were then heated to 95°c for 
three minutes, when reduced samples were required, 2- 
mercaptoethanol was added to the samples to a final 
concentration of lo% (v/v, . „e appXiad toe samples ^ 
preformed weils in a 4% polyacrylamide stacking gel a . 0 x le 
x 0.75 cm) and electrophoresed them over a 14. s% 
polyacrylamide resolving gel (16 x Is x 0.75 cm) each 
containing 0.1% ( W/ v, SDS . We perforBed ^ alaotrophoresls 
at 30 milliamps constant current, with cooling, until the 
tracking dye front (bromophenol blue, migrated to the bottom 
of the gel (approximately 3 hours) . The gel was fixed and 
stained for about 1 hour at room temperature with 0.1% (w/ v, 
Coomassie brilliant blue H- 250 ln isopropanol/acetic 
acid/water ( 2S! 1 0:65 ,, « destaine<1 ^ , ^ 

Effusion with methanol/acetic acid/water (S:lo = 8 S). Hh en it 
was necessary to increase the sensitivity of the staining 
process, or. when the protein loaded onto the gel was below 
the limit of detection by coomassie blue staining, the gels 
were stained with a o.oia M silver nitrate ( AgN o 3 , solution 
according to the procedure of c. Merril et al. fsimplif i ed 
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Protein Detection and Image Enhancement Methods in 

Polyacryla-ide GelS '" «^^^. 4. PP. 17-23 , lM 2„ 
"sing sds-page analysis, we f ound ^ an<J ^ ^ ^ 

indistinguishable under bo th nonreducing afid reduc±ng 
conditions, under nonreducing conditions, both migrated with 
an apparent molecular weight of about 19,000 daltons. 

C. Amino Acid Composition 

we determined the concentration of amino acid resi- 
dues using hydrochioric acid to hydrolyze between o.s to 1 , ' 
nanomole of sample at standard conditions of about loo°c for 
24 hours according to the procedure of a. „. a „ d Q 

D. Winter C »A»ino Acid Composition Determination", 
SSaUSDss Retermina l-l ffln , pp. 91-95 (1970) ] . F or the 
determination of MET and c*s concentrations, performic acid 
hydrolysis was performed. Ke analyzed the amino acids of the 
resulting hydrolysate using a Durram Model D-500 amino acid 
anaiyzer with ninhydrin and fluorescence 'for detection. 

A total of 8 samples each of mm 2 and FMM^ were 
analyzed. The mean and standard deviation are presented in 
Table in. OU r results indicate that there is no significant 
difference between FMM^ and fmm 2 based on amino acid 
composition . 
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TABIiE III 



Amino Acid Analysis (±standard deviation) 

13.91 (±1.05) 14 . 22 (±1 . 20) ^ 

2* Hi fg-W 8.02° (±1.87) ^ 

VAL fJ2"I2 8-91 (±0.69 | 

HIS I'll \i° Q ' 2 JX 5-40 (±0.21) % 



ARG io 47 3 - 05 (±0-63) 

PHE - q 51 Jr? ??{ 5 * 17 (±0.16) 5 

SER "JrSJ <%:H] 9.67 (±1.09) J 

ILE 7 *5 q /r ft - ' *©.ao (±1*07) 

w 2o.i? 7 * 48 C±°.68 2 f 

LYS 9 97 fS'SS? 20 * 76 (±2-46) 2 \ 

pro Tig riSi! 10 ' 04 (±1.20) J* 

C^S 4.'oo (io'lil 4 * 46 (±L26 s 

MET J.35 JiJ-ff? 3 '85 (±0.49) J 

5.35 (±0.35) 5.35 (±0i21) J 



TRP 2** 



2** 



As determined from the cDNA nucl^^ a „ 

cloned IFN alpha 2 gene and 2SS 2. J 1 ? ? sequence of the 

sequence. the P^tatxve amino acid 

** Determined by IBA (iodosobenzoic aeirn „i« 

mapping essentially according to ?S } cleavage and 
Fontana, Biochemistry, ^S^tSST (SST, by A " 
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D. N-Terminal Sequencing of 
FMMj and FMM 2 

About 0.5 to l.o nanomole of an S-carboxy 
methylated sample was dissolved in TFA and sequenced on an 
470A gas phase sequencer (Applied Biosystems) using current 
automated Edman degradation methodology [M .W. Hunkapiller and 
L.E. Hood, "Analysis of Phenylthiohydantoins by 
Ultrasensitive Gradient High Performance Liquid 
Chromatography" , MeJ&gds, in Bnavoinm, . ^ pp . 486 _ 93 
(1983)]. The PTH-amino acids were analyzed by rp-hplc on-a ' 
Waters Model 6000 gradient system with WISP autosampler and a 
fixed wavelength detector. We analyzed our data using Nelson 
Analytical Software and an IBM computer. 

FMM 2 Results ; 

5 

10 

CM.CYS — ASP — LEU — PRO - GLN - (THR) - HIS - SER - LEU — GLY 

SER — ARG — ARG — (THR) — LEU — MET — LEU — LEU — ALA - GLN 

22 23 
MET - ARG - ARG - ILE 

The N-terminal sequence for FMM 2 corresponds exactly to that 
published for the mature recombinant alfa-2 IFN [D. V. 
Goeddel, et al. , "The Structure of Eight Distinct Clone Human 
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^ Interfe " n an. pp. 20 - 26 (1981)] 

except f or position 23 where Goedde! pred i ots a Lxs . Th6 
-1» acid resides enclosed in parentheses repEesent 
uncertainty in our analysis. 

aaii Resnn- B . 

We were unable to obtain sequence data using the 
normal Eto an degradation procedure, we conceded. therefore, 
that the protein is blocJtea at its N . taralnus 

E. Determination or suifhydryl Groups 

or « " e m ** SUre * SUlfhySryl *» a pure preparation 

of ^ and ™» 2 using Ellman .s reagent, 5, 5 .-dithiobis-< 2 - 
nxtroben^oic acid, ( ««, using a »odi f ication « Habeeb-s 
Procedure [A . P .S. A . Habeeb, Reaction o, Protein Sulrnydryl 
croups with sllman-s Reagent,.. iSs ^ ^ j..^,^ 2S 
«7- 64 (1972) j . wa gsntly ^ ^ ^ a sm gu hc PP- 

solution CPH ..„ containing 2 o ^ EOTA, Wt 10 nancoles 
of sample protein in 327 ul of n k w m ■ 

M Tris " Hc: L (PH 8.3, 20 mM 
EDTA), and 90 ul of.lo mM DTNB in water at ™ - 

a water at room temperature 
for 30 minutes. We measured the ahc«^ 

a rne absorbance at 412 nm using 

freshly prepared cysteine solution rpmivn • . 

10n ( 2n >M) m 20 mM EDTA (pH 
8.3) as a standard. The molar extinr-f--; 

extinction coefficient under 
these conditions ranged from 13,000 to 13 6fln 

J-3,600, which agreed 

well with the reported value. 
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Our results for both FMM^ and FMM 2 indicated less 
than 0.1 mo ies of SH per mole of protein, representing that 
. both our FMM-L and FMM 2 are fully oxidized. 

F. Analytical Reverse Phase High Performance 

RP-HPLC was performed on a (Waters) Binary HPLC 
System equipped with an automated data controller Model 680 , 
two Model 510 pumps, an LC spectrophotometer Model 481, a 
Rheodyne injector, a Waters column temperature control module 
^and a Shimatzu recorder/ integrator. 

We analyzed samples of at least 20 ug with a 
Vydac C-4 reverse phase column (4.6 mm x 25 cm; 5 urn 
particle size) maintained at a constant temperature of 40°c. 
The column was equilibrated in 0.1% (v/v) trif luoroacetic 
acid (TFA) in water. We developed a gradient elution at 1 
al/min flow rate with acetonitrile (CH 3 CN) in 0.1% ( V /v) TFA 
(Solvent B) according to the following program: 

^ *B Curve 
0 5 

5 5 * 

15 45 _ . 

45 45 LlnSar 

50 100 

We monitored the column effluent for absorbence at 280 nm. 
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under these chromatographic conditions, we observed 
th " ^ "»* ea <* -isrates essentially as a single 

symmetrical pea* at a retention of 27 . S nlnutes (see pigure 
4. step 5, and 30.4 minutes (data not shown, , respectiveXy. 

s- 1eyb£4e HaEElna at mil. ana ma 

Be puri f ied TPCK-treated trypsin according to the 
method or Rovery [HsHsssU in fiu^^, vol . ^ pp 23i _ 39 

(X»-7)J. About two nanomoles or a S-carboxamidomethylated ' 
sample was digested two ti.es with a 1: 75 weight ratio o, the 
pur lf ied trypsin to protein (^ or ^ . ^ digastlon 
was carried out in 0.1H NH4HCO3 ' PH ..o, tor 2 hours at 3 7 o c 
After digestion, the p H o f the peptide mixture was adjusted " 
t- a.O with „ TFA in water. ^ peptide ^ ^ 

and twice redissolved in 0 .» tpa in water and dried again 

Finally, the peptide mixture was taken ™ , 

tajcen up m a known volume 

of 0.1% aqueous TFA. 

We generated tryptic maps using rp-h^c. Wfi loaded 
^out 2 nanomoles of each digest separately onto a reverse 
Phase column (vydao c-18, s micron particle siae , 300 % pore 
Size, 4.6 mm x 2S0 mm, equilibrated at 95% water 5 » 
acetonitrile (0.1% TFA, . The peptides were eluted at 30°c 
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with a linear gradient of 0 . 23i acatonitrlle p „ mim ^ ^ 
S-50% acetonitrile. Peaks were monitored at 215 nn. 

As controls, we ran: (a) trypsin alone, using the 
same conditions as those used for the peptide nixture; 
(b) undigested Tm x or m. 2 ; and (c, alkylated, nondigested 

or FMM 2 . T he con trol runs were found not to interfere 
with the peptide Maps as presented in Figure 7. „e observed 
distinct differences between the FMM, and ™» 2 no no n ers (see 
Figure 7) . 
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Examnl ^ jy 
SSS Pa 3^K n T ° f Re SPmi>inant alpha 2 

We obtained Intron A and Roferon A from a local 
pharmacy and analysed the respective interferon compositions. 
This was accomplished by using a rapid assay for determining 
recombinant leukocyte interferon alp ha - 2 in COMplex nlxtures . 
The assay belies on the use of a high performance monoclonal 
antibody affinity column connected in tandem with a reverse 
Phase HPLC column [L . Rybacek et al., "Rapid Dual-column 
Chromatographic Assay For Recombinant Leukocyte Interferon 
Alpha-2", ^ Shr^toor^ h v ., 322, pp. 3SS-64, (l 987) j 

After collection of the interferon from the rapid 

assay system, we loaded either the HSA-free intron A or 

Roferon A onto an analytical Wdar n a x-. 

x o-caj. vydac c-4 column (4.6mm x 250mm; 

5 micron 

partides size) and developed the chromatogram with a step 
gradient to 44% aceionitrile in 0.1% trifluoroacetic acid at 
1 ml/min. Referring to Figure 5A , we observed ^ ^ 
elutes as one peak with a retention time of ls.7 min. a 
■rtxture of recombinant IFN-alpha-2 FM« 1 and FMM;, was then 
chromatography under identical conditions. The rm 2 s i ute d 
at a retention time near Intron A (16. 8 „i„., whereas fmm, 
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eluted one minute later at 17.8. min (Figure 5B) . m a 
further study, we subjected mixtures of equal amounts of 
Intron A and recombinant IFN-alpha-2 PMMl and equal amounts 
of intron A. and recombinant IFN-alpha-2 fmm 2 to the reverse- 
phase chromatography as described above. Referring to Figure 
5C, FMn 2 and intron A were found to coelute from the reverse- 
phase column, while FMM, and Intron A showed unique retention 
times (Figure. 5D) . 

In a separate experiment, the reverse-phase 
chromatograms for Roferon A, intron A and recombinant ifn- 
alpha-2 FMM2 were compared. Referring to Figure 6, the main 
peaks in each sample had closely corresponding retention 
times, but the Roferon A (Figure 6C) contained a trailing 
shoulder on the main peak. These results suggest that 
Roferon A is more heterogeneous or that it contains more 
degradation products than either recombinant alpha 2 FM^ 
(Panel A) or Intron A (Panel B) . 

We also compared recombinant IFN-alpha-2 FMM 2 to 
Intron A and Roferon A using isoelectric focusing gel 
electrophoresis. Our results indicated that recombinant I PN - 
alpha-2 ™m 2 had the fewest isoelectric species, intron A 
showed at least two isoelectric forms and Roferon A had at 
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^ four. „ hile our ^ ahowed only form 
« i. *o f ero„ a had an isoele=trlc 

P sxtion 23 of the Polypeptide chain. 

In another study, we compared fmm 2 to mtron a , 

.«-« * a, ter SDS . P01yaorylMide gel alec : ropho ^ — 

„= n -re daclng _ raduclng con<utions _ our 

^ ~- were in.Us^s^ ^ 

a trace anount or ai»er s , and Rofe rc„ A contained sona 
unx^^ hlgh molecular Baight prQteins _ 
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EXAMPI.B v 

Stability of Recombinant-IFN 
&2hsk 2 Sm 2 Purified Conc 6 ntr a i- a 

Recombinant IFN-alpha-2 fmm 2 purified concentrate 
(SPA 2.3 x io« u/mg) was stored at 0.48 mg/ml in 0 .05M 
succinate buffer, p H 5.0, at several temperatures (-20°c, 
4°C 25° c and 370 C , for four weeks. We evaluated each 
temperature point for activity with the CPE assay and 
degradation with SDS-PAGE. Even after four weeks at 3 7 o C , 
the specific activity was unchanged (averaging approximately 
2.5 x 10* u/mg). Additionally, after seven weeks at 37° C/ 
analysis of fmm 2 by SDS-page on a silver stained gel * ' 
failed to reveal any oligomers or degradative low molecular 
weight products in the non-reduced sample, and there was a 
trace of low molecular weight material in the reduced sample. 

While we have hereinbefore presented a number of 
embodiments of this invention, it is apparent that our basic 
construction can be- altered to provide other embodiments 
which utilize the processes and compositions of this 
invention. Therefore, it will be appreciated that the scope 
of this invention is to be defined by the claims appended 
hereto rather than by the specific embodiments which have 
been presented hereinbefore by way of example. 
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CLAIMS 
1 . 



slow movina J P»"«"y or f„n y reduced forms 

i ™!" -onomers (SMH) and oligomers of leukocyte 
interferon and of non-interferon proteins comprising • 

' ^ h UnPUrl " ea hUman alpha - 2 interferon 

ol 12 C ° ntalni ^ «*• «»«Y oxid lzed for., 

on aTo interf «°" -vin g monomer 

e^h"" 9 the i Pr ° d "« °* f) on a cation 

exchange column and eluting; 

=. loading the product of step , D) on . gel „ 
tion column and eluting; and 

d. ^covering said fast moving monomer in purified 

2. The method of claim 1 „u 

y co-Lunin by an acidic buffer. 

4. The method of claim 1, whew , n 
column is a r-4 ™i wherein the reverse phase 

t^<n and the PMM is fluted with 0 1% 

trxfl UOroaC edic acid and 46% C H 3 CN % 
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5. The method of claim 1, wherein the cation- 
exchange column is an immobilized carboxymethyl column. 

6. The method of claim 1, wherein the FMM is 
collected from the gel filtration column beginnning at 
about 0.45 fraction of the total column volume. 

7. The method of claim 1 in which the reverse phase 
chromatography of step (a) is on a C-4 column, the ion 
exchange chromatography of step- (b) is on a carboxy- 
methylated column, the eluting agent in Step (a) is tri- 
fluoracetic acid in acetonitrile, and the eluting agent of 
step (b) is ammonium acetate. 

8. The method of claim 1 wherein the elution of step 
(a) as carried out under isocratic conditions. 

9. /The method of claim 1, wherein different- PMMs of 
alpha-2 interferon are separated on the basis of charge 
and hydrophobicity. 

10. a fully di-sulfide bonded form of alpha inter- 
feron essentially free of partially or fully reduced forms 
of alpha interferon, slow moving monomers and oligomers of 
alpha interferon and of non- interferon proteins. 

11. The FMM according to claim 10, wherein the 
interferon is human alpha-2 interferon. 

12. The FMM according to claim 10, having a specific 
activity of at -least 1 x 1 0 8 units/mg. 
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accordi™ r Ph f r, " aceatlcal ^Position comprising the fmm 
accord lng to cla lm ,o, i„ combination „ith one or more 
other polypeptides. 

effect^ * C ° mPOSltlon arising a pharmaceutically 
til T ° f PMM acc -^"9 to claim ,0, for the 

ce-tii^xA^e^r:;" zz: si 7 a eh °™- 

1- -^nation with . TrruT ' '° ^ 10 ' 

protems, prepared according to tne prooess of ^ ^ 

T7. The PMM accordinng to P i sl - m u 
first nar-w^n . claxm 16, prepared by 

m g x^a^-rirntrrr claim ™- * *~ 

ing with trifXuoroaeetic acid "* elUt " 

coll ecting the ^^Z^T^l^ 
methylated column and e i uting wtt „ ^ ^ 

collect LV^T^ *». — •»* 

—* 0. 45 taction 9 :, ^ " . 



WO 89/03225 



PCT/US88/03409 



-43- 

20. The different FMMs of 'alpha-2 interferon, 
separated on the basis of charge and hydrophobicity . 

21. The separated monomers PMMi and FMM2, and frag- 
ments thereof. 
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FIG. I 

POP/P/ CAT/OA/ PROCESS FOR PRODUCW6 RECOMBINANT 

ALPHA 2 PMM2 
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FIG. 2(A) 

Reverse Phase. Chromatography 
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